Abstract. The results of CCD surface photometry in the passbands
INTRODUCTION
Understanding of the formation and evolution of galaxies requires investigation of the stellar populations in various types of galaxies in terms of metallicity, dustiness and age. During decades, the investigation of the spatial distribution of populations in galaxies has been performed using the long-slit spectroscopy method. However, spectroscopic observations beyond the effective radii of galaxies are strongly limited by the time required on large telescopes to reach the high signal-to-noise ratio. This is why most of the spectroscopic studies deal only with the innermost regions of galaxies, and only a few attempts to reach the effective radius of a galaxy were made (e.g., Saglia et al. 1996) .
A direct way to study stellar populations and the evolution of Local Group (LG) galaxies using stellar photometry has recently become popular (Aparicio 1998) . However, even for LG objects it is difficult to reach the required depth of photometry. In order to reconstruct the star formation history of more distant galaxies different techniques should be applied. As a first approach to galaxy mapping over the entire radius, a multicolor photometric profile method could be used. In the present investigation we apply this method to the interacting galaxy pair NGC 5194/95 (hereafter, M51).
M 51 is a well studied nearby (8.4 Mpc; Feldmeier, Ciardullo & Jacoby 1997) system of two overlapping galaxies seen nearly faceon. Therefore, it is well suitable for the analysis of the distribution of stellar populations across galaxy disks by photometric mapping techniques bound up with evolutionary synthesis methods. Since the interpretation of the results of optical photometry always suffers from the influence of dust residing in the galaxy, it is important to know the extinction properties of the galaxies under consideration. For this purpose overlapping galaxies are particularly useful since they allow direct and precise derivation of an attenuation law and extinction in the foreground galaxy (White & Keel 1992) . Recently, the M51 system was a subject of many investigations in various wavelength regions: Berkhuijsen et al. (1997, radio) , Kuno & Nakai (1997, CO) , Sauvage et al. (1996, far-IR) , Petit et al. (1996, far-UV) . Therefore, well calibrated and reliable photometric data in the optical spectral region were desired in order to perform consistent analysis of M 51 evolution.
The remainder of this paper is organized as follows: in Sections 2 and 3 we describe the observations and data reduction procedures, respectively; in Section 4 we discuss a method and reliability of the surface photometry results.
OBSERVATIONS
Observations were carried out with a CCD camera at the Kiso Observatory (Japan) with the 1.05 m Schmidt telescope during three photometric nights on 16-18 February and 6-7 March 1994 . A Tektronix chip (TC215) with 1024x1024 pixels was used. The image scale 0".75/pixel secured an image size of 12'.5 x 12'.5. The filters of the broad-band Johnson (B, V) and Cousins (Rc,Ic) systems, together with two medium-band filters Z (Aq = 518 nm, AA -21 nm) and S (A 0 = 656 nm, AA = 20 nm) of the Vilnius photometric system (Straizys 1992) were used. A large number of exposures of different length (90-1800 s) and image quality (3"-5") were ta,ken (Table 1) . A few short (30-60 s) exposures in V,Rc,Ic filters were acquired for the galactic centers because of saturation due to limited full well capacity of the chip (~25000 electrons/pixel). Hourly bias and three dome-flats in each filter were observed every night.
In order to calibrate photometric results of the galaxies, the open cluster M67 (Montgomery, Marschall & Janes 1993 ) was observed as a standard field. Three exposures of the M 67 were taken every night in each filter (exposure time: 3-6 s in V, Rc, Ic and 60-120 s in S filters). 
DATA REDUCTIONS
The standard reductions: bias subtraction, flat-field correction, coordinate transformation, image combination, removal of the image cosmetic defects, conversion of all the frames to common resolution, and sky background subtraction, as well as more sophisticated procedures -measure of the photometric profiles and removal of the foreground stars are performed with the Linux/IRAF program package. More specific reductions: photometry of the open cluster M 67, derivation of the transformation equations to the standard photometric system, and determination of the local sky background for each foreground star projected onto the M51 are performed using the AFO package (Bridzius & Vansevicius 1998) .
Initially, all frames were corrected for a CCD chip defect -increased/decreased signal in several columns by a value which was found to be constant along a particular column. A pattern of the defective columns was slightly variable during the observations. However, after careful correction by adding a digital mask to each frame, distortions were reduced significantly, and only pixels of a few most strongly corrupted columns remained slightly affected.
The images are de-biased using bias frames, which were obtained every hour. The master dome-flat frames in each band are used for the flat-field correction. They were constructed for February and March observations independently. Flatfielding correction is good to ~1% over the inner area (ll'xll') of the frames.
The frames in each band are shifted, rotated, and combined using the "min-max" rejection algorithm. This procedure effectively removes cosmic rays and cosmetic defects in the combined frames and significantly increases signal to noise ratio. A rotation by 0.43° of the March frames is applied to align images to the February frames with a precision better than 0.1 pixel. The coordinate transformation and intensity scaling of the images are determined by referring to the four stars visible in all frames (Fig. 1) .
To complete the final images in the V, Rc, Ic filters, the central areas of each galaxy were replaced by the same areas from short exposures scaled to the intensity level of the deep images. The central areas of galaxies were replaced with the 0.5 pixel accuracy.
Finally, transformation of the combined images in each passband to common resolution was performed by convolution of the combined frames in all passbands with a Gaussian profile. The resolution FWHM= 5". 2 characteristic for Z band image was achieved by the trial method.
Since images of the galaxies cover nearly all the frame, the sky background is determined only in one area (50x100 pixels) marked (5) in Fig. 1 at the South-West corner of the frames, where no obvious emission from NGC 5194 is observed. This area was selected referring to the deep wide-field photographic images obtained by Burkhead (1978) . The constant sky background is subtracted from the corresponding frames.
The photometric calibration is done using standard stars of the open cluster M67 (Montgomery at al. 1993 ). The instrumental magnitudes are measured by using the AFO package. The comparison of the derived CCD magnitudes with those from Montgomery at al. (1993) shows rms scattering ~0.02 mag. The coordinates of stars in M67 are used for precise determination of the image scale (0".7510 ± 0".0005)/pixel, and camera's rotation angle with respect to the direction North-South (1.55° and 1.98° for February and March observations, respectively).
The photometric zero points of the transformation equations are determined using the available aperture photometry data collected by Prugniel & Heraudeau (1998) . Their uncertainty is estimated to be ~0.03 mag. However, the accuracy of the luminosity and color profile shape depends only on the linearity of the CCD chip and the precision of the sky background determination. Therefore, the luminosity and color profiles are better constrained than the zero points. The final accuracy of the surface photometry is better than 0.05 mag.
The following equations for transformation to the standard system are derived: Tables 2 and 3 for the galaxies NGC 5194 and NGC 5195, respectively.
SURFACE PHOTOMETRY
In order to obtain reliably surface photometry the foreground stars should be carefully removed. The general principles of star removing from CCD frames were discussed in detail by Frei (1996) . We have developed a new method, and give its short prescription below:
-automatic detection of all star-like objects (DAOPHOT; Stetson 1987); -interactive modification of the object list by excluding HII zones based on color index S-R; -determination of the local sky background around each selected object (AFO; Bridzius & Vansevicius 1998) ; -removal of stars from the frames by PSF fitting and applying the derived individual sky backgrounds (DAOPHOT; Stetson 1987) ; -replacement of the most significant residuals left on the images by polynomial interpolation.
The photometric profiles are derived by isophotal ellipse fitting to each galaxy independently. We are using the program ELLIPSE from the IRAF package. The algorithm of this program is discussed in detail by Jedrzewski (1987) .
The profiles of mean intensity, ellipticity (e = 1 -b/a, where a and b are major and minor axis, respectively), and position-angle (PA) of the major axis of the ellipses are determined. The fitting procedure is performed keeping fixed only a position of the galaxy centers, and all other parameters are fitted. The profiles of the galaxy NGC 5195 are fitted in a range of a = 1".5 -96". The profiles of the galaxy NGC 5194 are fitted in two ranges independently: a = 67".5 -186" and 67".5 -1".5 with a step along the major axis 2".25. A careful interactive procedure allowed us to apply the program ELLIPSE for spiral galaxy fitting, although, primary it was designed for elliptical galaxies. The mean surface brightness, e, and PA profiles are given in Tables 4 and 5 , and are shown in Figs. 2 and 3. The similarity of the profiles in different colors assure that small scale structures seen in the profiles are real. The profiles of the galaxy NGC 5195 show the presence of a bar-within-bar structure according to the classification scheme by Wozniak et al. (1995) . We derive that the main bar is at PA = 0° while the secondary one is at PA = 130°.
Surface brightness profiles of the galaxy NGC 5194 in B, V,Rc,Ic bands are compared to those given in the literature. The profiles by Pompei &; Natali (1997) , Beckman at al. (1996) and Rix & Rieke (1993) are shown in Figs. 4 and 5 for comparison. Some differences between the profiles seen in these figures can be explained by various measurement techniques employed. Pompei & Natali (1997) and Rix & Rieke (1993) derived the radial surface brightness profiles by integrating in circular rings centered on the galaxy; Beckman at al. (1996) used an elliptical fit, however, only up to the radii 50", for the larger radii PA = 140° and e = 0.25 were applied. Some smaller differences also may arise due to various foreground star removing procedure adopted. The differences of the profile shapes derived by the circular and elliptic fit are seen in Fig. 6 . Note the very similar deviations of the profiles, as in Figs. 4 and 5. Therefore, we conclude that our profiles agree well by their shape with the those published by other authors. However, due to a much higher signal-to-noise ratio and, consequently, finer step of our profiles, they posses more details. For example, a feature at ~15" in Fig. 2 obviously arises from a small central bar in M51. In order to demonstrate quality of our photometry the color index profiles of the galaxies NGC 5194 and NGC 5195 are shown in Fig. 7 .
Synthetic photometric scans of both galaxies (Figs. 8 and 9) are measured along the major and minor axis ( Fig. 1) and are given in a form convenient to compare opposite directions of the major and minor axis. Note a complicated structure of the photometric scans along the major axis, which can be explained by overlapping of the galaxies. For a comparison with the published data, our scans of the galaxy NGC 5194 are plotted along the directions of major and minor axes together with the scans derived by Okamura, Kanazawa & Kodaira (1976) and based on photographic photometry (Fig. 10) . We find no systematic differences, except for the very outer parts of the galaxy, where photographic photometry is less reliable.
CONCLUSIONS
CCD surface photometry data in the passbands B, V,RcJc and Z,S (Vilnius) of the interacting galaxies NGC 5194 and NGC 5195 are given. Good agreement between the CCD surface photometry and the aperture photometry reaffirms the quantitative reliability of surface photometry with CCD detector arrays. The color profiles agree reasonably with the published results. The internal precision of the presented photometric data is ~0.02 mag. The errors of the absolute photometry are less than ~0.05 mag. Detailed analysis of the data given in this paper will be performed elsewhere (Vansevicius & Bridzius 2001) .
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